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Concepts & Thoughts

¢ "“Without new Investment
In power infrastructure and

OUtSIde the greater energy efficiency

and conservation, New

P England could seon be
¢ Distributed. consuming more: electricity,

¢ As a lead. than it can produce or buy.
» Myrnad. from its neighbors,™* said

- Stephen Whitliey, 1ISOr New.
» INEW teChnOIOgleS' EnglandFs chief eperating

officer.
¢ Boston Glebe 4/26/06

The Learning
Curve

210)4¢




Distributed Generation

¢ Moving away frem
centralized plants.
— Waste Heat.
— Transmission Loss.
— Pollttien.

& SEecurity.
— Onsite hackua.
— Natienall targets.

¢ One world.
— Pollution.

— Renewables and Euel
[DIVErSIty.




What we discovered.

¢ Cost savings. ¢ Frustration leads to
— Lower Taxes. Freedom

¢ Economic edge. ¢ Municipal Rele.
— Economic Development. — As Customer.
— Innoevative and willing — As Public Benefactor.
to partner. — As Utility.
& New: Prejects onl line. s WhY not?
— $35 Millien Schooll
— Newwater source:
— New treatment plant.




Results

¢ Ultimate goal.

Municipal Utility.
2.7 VIV
¢ 2 Hydro — existing
dams.
& Wind.
& 400,000 sqg fit. (BV)
¢ CHP turbines.
$27 million.
Cost/taxpayer = $0

60,000 teRSs / V.
& 24,0001 cars.

& First stage.
— WWTP. CHP

— Use Methane
¢ Renewable
¢ Cleaner burn
¢ Free
— Current
& $85,000/yr/elec.
» $35,000/yr/oil.
— Projecteds:
» $535,000/yr/elec.
¢ 510,000/ 1/ propane.
& 2 Veal payisacis




Conventional

Separate Heat and Power
{49% overall efficiency)

GRID
Electricity
Eneigy In QB
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Combined Heat & Power

COMEINED |
Heat and
Electricity |




Efficiency Advantages of CHP

Conventional Combined
Generation Heat & Power

5 MW Natural Gas
Combustion Turbing

Power
Station Fusl % 30
— P |Power Plant 2 Unite

08 Units Fual Electricity

EFFIGIENGY:
31%

Combined |
Heat & Power | 4100 Units Fuel
CHP

154 Units Fuel

EFFICIENCY:
a6 Units Fuel

Boiler Fugl

OVERALL
490/ 0 gEEI:E?ELBIICV 750/ 0 EFF IC?EI'_NCV

S CHP

COMBINED HEAT AND
SEPA POWER PARTHNERSHIP
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Environmental Benefits of CHP-

CO, Example

Conventional
Generation:

Power
Station Fuel

(U.S. Fossil Mix Power

Plant

EFFIGIENGY: 31%
EFFIGIENCY: 80%

| B/MMBITU

Boiler
Fuel (Gas)

Boiler

| BAMMATU

49

KTONS/YR

Emissions

13 kTons

Combined Heat & Power:

5 MW Natural Gas
Combustion Turbine
Emissions

36 kTons

Combined
Heat And
Power

— GHP—

o4— |leat

CHP
(Gas)

Heat —J»

Emissians

23 kTons

23

- TAOTAL EMISSIONS... KTONS/YR

[ Fusl —

LBMMBITU

S CHP

COMBINED HEAT AND
SEPA POWER PARTHNERSHIP




Pollution

Table 4.1 Emission Rates from Relevant Generation Technologies

Emissions

NOx (Ib/MWh)

SO, (IYMWh)

CO, (Ib/MWHh)

PEM

0.06-0.1

negligible

1170-1360

SOFC

0.05

negligible

910

MT natural gas

0.45-1.25

negligible

1500-1750

MT biodiesel

1.2

negligible

330

Gas-Fired Lean Burn IC Engine

22

negligible

1108

Biodiesel

29

negligible

330

Diesel Engine

26

3

1500

Wood Steam Plant

1.5

0.3

0

Diesel Engine

0.45

1432

Coal Power

5.6

13.4

2115

Average Fossil Power

5.1

11.6

2031




CHP » Required Output <— Conventional

Grid :
. : . Electrical Energy 80kWhr

—> 3 —>
Gas Input . Ul et Gl Basic Rate 12c/KWhr

0.972mmBtu/hr | - =$9.60/hr
17.7scfm | 0.477mmBTU Boiler 80% Efficient

— ' > Heat \ =5
Gas Energy T )| Gas Input
0.972mmBtu/hr 7. [l | RS 0.596mmBtu/hr
Basic Rate $11/mmBtu Ly 10.8scfm
=$10.69 et

. Gas Energy 0.596 scfm
Costs CHP Conventional Basic Rate $11/mmBtu

Gas $10.69/hr $6.56/hr >
Electricity $9.60/hr =$6.556/hr

$10.69/hr $16.16/hr
Saving with CHP = $5.47/hr
@ 5000hr/yr = $27 350/yr comventonal |
@ 8000hr/yr = $43 760/yr 0,506

Savings/hr
Hrs/yr $7.11

5000 $35,560.00

8000 $56,896.00




Heat?

¢ Heat.
¢ Cool.
¢ Both/Same time.

¢ Evapoeration
Dehumidification.

¢ \Water.
¢ Steam.
¢ Alr.

¢ Grocery.

& Bakery.

¢ Cold sterage.
¢ Living space.
¢ lce rink.

& SWimming pPeol:
¢ Vanuhactlrnng.




Waste-Water Plant

Case
r Western Lake Supen
(l____ Ingersoll and et o

Energy Systemns Digester Gas-
Twa MTTOL M

Site

Westem Lake Superior Santary Distict
Regional Wastewater Treatment Plant
Dufuth, Minnesota US4

Digester Gas-4o-Energy P

Commissioned February 2004 MiGI'O‘II.II‘hiI'IE

Background
The Westem Lake Superior Santary District serues as the wastewaier and soid wasie

’ r treatment plant has been operating robi
Wizstewater Treatmant Plant facility breaks cown sludge into biosalids for use 35

Treatment Facility Methane

fo deveiop 3 project that wou'd use the waste

F“":'J
e mmerc
mathane to produce clean eiectrzal snd hermal nergy. Dlgester
Collaboration between WLS the Department of Commerce and Minnesota Power led o E

the spproval of 3 $307.000 Minn=sots Power Consenvation Improvement Program grant fo
be usad for the green power pilat sudy at the Faaility.

Application Heal

chnologies, already performing a district-wide
the green pawer FDE‘\.I at the facili

their ability to burm low

y and mih I-:wer exhaust emssions and operating costs than

However, n\n.mht'bﬂes are not the only new technol demonstrated at this facility. Raw
gas requires. veauwﬂuu renm cisture snd sil es, & substance
and shampoos. wrbme. Because

soll-Rand was able to offer a complete ftts to-energy <ohtion.

IR innowative fusl conditioning technoiogy snd microturbines for the project.

\nge'sun -Rand uses 4ary technclogy to desp chill the gas. remeving wirtually all of
es, 35 wﬂl as :-Iiw nzfmful conEaminans 5 SAME PIOCess removes moisture
and comoresses the biogas for refiable operaton.

rolurhma pveecl pe =,.gu for continuous.
cbic Digestion Fac need
rical power, combined with natural gas savings from
for space heat, would help WLSSD achieve the best
in demonstrate 3 reazonable financial payback was a

i it sl The IR microturbines curently receive spproximately S0scim of the availatle 300scim

mﬁmﬂz,mﬁ,mw stream of digester gas. The ba.am.-: of the gas siream is used in @ methane-fired boiler to
heat the digesters. Integra 2 microturbines and fuel cons rr,r tem inio the
facility was fairly simple ke o Sttt svatie space. i ity hookups, and
;.n:-'l.mll)' 1o the fuel source.

Fublzned November 2004

Continued next page




NORTHEAST

APPLICATION
CENTER

combined heat & power in wastewater treatment

Essex Junction WWTF
60 kW CHP Application

Project Profile

Project Overview

Uniil 2003, the Essex Junction wastewater treatment
facility used half the waste methane gas produced by
its anaerobic digester to fire the boiler that heated the
digester. (Anaerobic digestion stabilizes wastewater
sludge, reduces sludge volume, and  eliminates
pathogens.) The remaining waste methane gas was
flared, because methane is a greenhouse gas that is 20
times as effective at trapping heat as carbon dioxide,

The MicoGen heat recovery system

the gas produced when methane is bumed.

Although facility officials had been interested in
combined heat and power since 1992, high initial

Quick Facts

Location: costs failed (o satisfy the requirement of the facility’s
Essex Junction, Vermont governing board, that all projects have a simple
l. dlation Date: payback of no more than seven years. Furthermore, it
October 2003 was unclear whether sufficient digester temperatures
could be maintained when methane was used to fire a
g!nﬂ-ql:d\i?mi;hel(}a Ainec 0 CHP system. The system was also required to emit
WMicro-tirbines 3 P i no more pollutants than fanng methane did.

MicoGen MG202 heat Recovery system ) _ .
j In order to satisfy the payback period requirement,

the facility was able to obtain additional funding

Type of Fuel: : o i :

: it ; 1 from Efficiency Vermonlt, The Biomass Energy
_Sdf'sm o ekt = Resource Center, NativeEnergy and the U.S.
mﬂim’ Heat Recovery Department of Energy. While the local utility was

: L " supportive of the project, it was unable to offer

f m SR fimancial support.
System Efficiency:
> 80% Essex Junction used Northern Power to design ils
Annual Energy Savings: system, which uses micro-turbines thal can mun on
412,000 kWh per year (36%) either methane or natural gas. The fuel system runs
Project Cost: the two fuels in parallel, but methane gas is the
$303,000 priority fuel. Natural gas can be added in
contimiously variable blends, through a mixing

Simple Payback: control valve.
7 years

“Northern Power Systems has  developed a

customized a control system that has worked very
well and reliably for us,” said James L. Juiras,
Director Public Works/Wastewater Treatment.

Dual alternating CompAir VO7G
COMPressors

Challenges

Afler the CHP system was
installed, the power factor
has dropped from 96 1o 87.
An  investigation rtevealed
that because the CHP system
produces only real — rather
than reactive - power, it
changes the dynamics of the
site grid. Plant officials are
still studying the problem,
Jutras said.

Also, because the digester
methane gas is saturated with
water, maintenance on the
methane  compressors  has
proven to be more difficult
and costly than anticipated.
The facility is upgrading its
equipment, to
moisture temoval. Officials
hope this will sigmificantly
reduce the potential for
further moisture problems.

maximize

Benefits

*  SBaves $37,000 in electricity costs (36%

=

=

per year)

Prevents power plant carbon dioxide
emissions of 600,000 pounds

Uses nearly 100% of its waste methane, a
renewable fuel, compared to 50% before
Demonstrated the viability of methane-
fired cogeneration at a small facility
Relieved transmission & distribution

constraints on the gnd

Energy Overview
The facility pays an average price of electricity per

kilowatt-hour of approximately 10 cents to the
local wility. Before cogeneration, electric use was
1.1 million kWh per vear and cost approximately
$100,000. That cost has dropped by $37,000, or
about 36 percent.

The facility produces an average of 30,300 cubic
feet of methane per day, with a typical energy
content of 520 BTU per cubic fool. Although it was
initially envisioned that two 30 kKW micro turbines
would operate an average of 40 total hours per day,

methane generalion since startup in October of

2003 has been sufficient to run the micro turbines
for 48 total howurs each day. The extra eight hours
represent more than 80,000 kWh of electricity per
year,

On-peak demand has dropped from the range of

134-235 kW to the range of 110-215 kW; off-peak
demand from 130-226 kW to 94-226 kKW average
use from 93,000 kWh to 61,000 kWh.

Awards

The Essex Junction CHP installation was
awarded a 2003 Vermont Governor's Award for
Environmental  Excellence and  Pollution
Prevention. Projects are chosen for their
innovative approach, economic efficiency, and
their ability 1o serve as a model for others.

While methane-based cogeneration is more
common at large wastewater facilities, it is not
considered cost-effective for small facilines like
Essex Junction, whose daily average flow is 2
million gallens per day. Il is estimated that
between 5% and 15% of the nation’s 16,000
wastewater facilities could implement similar
projects,

For Further Information Contact:
Beka Kosanovie

Northeast CHP Application Center |
University of Massachusetts
Ambrerst, MA 01003-9265

Phone: 413-545-0084
Fax: 413-545-1027
vwww.northeastchp.org

“The Essex
Junction CHP
installation is

proof that

small scale
CHP retrofits
are viable and
cost effective.”




Green thountain Dairy Farm is expected fo be online by
February, 2007,

Location: Sheldon, Vermant

Hiztory : Ouners Erian and Bill Rowel| grew up on a farm
in Albany, \t, Brian's family owns Green Mountain
Forest Products in Sheldon, Ten years aga, Brion decided
to go back into farming. and started up Green Mountain
-Dt;w}‘_:.f. The r‘n_s_:%_e_zn:-h,ére: rere built from scratch in
1999, : :

Cows: 1,050 milking
Production: The farm produces over 20 million pounds of

milk a year, and is estimated ta produce 1,828,000 KWH
(ilowatt-hours) of electricity a year,

E‘.\.."RS_Hame_]_nopy_righi_20=06:'0enh‘al “ermant Public Senvice | 77 Grove St Rutland, Wt 05701 | Custemer Infarm ation S00-849.2877 | Contact Cow Power




$250,000.00

$150,000.00 SChOOIS

PureCell” PureComfort™ Solution PureCycles PureMotion™ PuraCall™ PureComfort™ Solution PureCycle® PureMotion™
IEducaﬂnn Health Care  Hospitalty = Manufacturing  Munidipal ~ Office Retail  Mass Transit  Spedial

The East Hartford Hornets
are Buzzing with the

Latest Energy Efficient Technology
from UTG Power

lution installed at East
ol provides up to 120 AT of
ing or up ta 1,100 MBHs of =pace

nmercivient

ey by using |:um.:I he
throughout the year.

:t Environmentally Responsible
This PureCo
Project Profilo: addiion, the system saves enough ek

of a double-effect absarption chiller from Carrier Ib s|:|.:1,rnn:| i)
enedits ag planting ¥

Carparation, UTG
6O KN microturbine

Total B‘irll‘lm‘l
m
Total sym Efficiency
I

: Energy Efficiency

Th vzt heat from the natural gas powered micoturbine e ina meanifold and us

AUnbad Technoiagins Company

$200,000.00
$ 75,000.00




Canton City Schools
C. T. Branin Natatorium Canton City Schools

Microturbine Project C. T. Branin Natatorium
Microturbine Project

m System Features
= Microturbines- Two 28kw Capstones
Operate on 4 oz natural gas fuel
pressure
Multi-Pac Operation (Multiple-units
operate as one)
Grid Connect & Stand-Alone Operation
= Stand Alone provides lighting for 1/3 of
Pool area
NOX Emissions- Less than 9 ppm @
15% 02,
= Less than 0.49 Ib/ Mwh

Sound Emissions - less than 65dbA @
10 meter (33ft)




Heating / Cooling

Schools

Canton City Schools

C. T. Branin Natatorium
Microturbine Project

= Pool Heating-

= 600,000+ gallons,
approx.80F operating
temp.

= Unifin MicroGen- heat
exchanger 20F rise, 40
gpm

= Maintenance- Bi-Annual
check of piping

Canton City Schools

C. T. Branin Natatorium
Microturbine Project

5= a Cooling

= Air Condition Offices,
Classroom, Hallway

= Absorption Chiller-
Cooltec 5 ton

= Dual Fired- Waste heat
and natural gas

= Glycol solution, 10gpm,
45-55F temperature

= Maintenance- Typical
Annual System
inspection




Engineering Costs

$9,700

Permitting Costs

$300

Microturbine

$80,000

Fluid Cooler

$5,000

Construction Cost

$70,000

Electrical Interconnection Cost

$500

Gas Interconnection Cost

$5,200

Heat Exchanger

$16,000

Misc Costs

$27,300

Total Costs

$214,000




CT = Energy Independence Act

Distributed Resources

Incentives/Grants

¢ Customer Side Generation
— $500/K\W. Seuthwest Connecticut™
— $450/kK\W Remainder off Connecticut

— Rebate off gas distribution charge

» Emergency Generation
— $250/K\W Seuithwest Connecticut
— $200/KWRemainder of Connecticut

— Must: enreliiin ISO-NE Demand Response
Phegiam

= Additienali$S507K\W enly available fior units eoperational before
April 30, 2008




New York = NYSERDA

¢ NYSERDA will support three
types of projects: feasibility
studies ($100,000 maximuim

subsidy), product development
($500,000 max.), and

demoenstrations ($1.,000,000
max.). All prepesals must: be
cost-Shared at or aboeve 50%
(Cash and In=-KiRad);, Wik
PrEfErence: given te prepesals
WithrRigher contriutionevels
and RIGhEr cash PeRIGRS) Gl the
CORLHBULIGN:




Vermont = CDEF

¢ 10 V.S.A. § 6523 (2006)

¢ Vermont's Clean Energy Development
Fund (CDEFE) was established 1in 2005 to
promote the development and deployment

off cost-effiective and envirenmentally,
sustainanle electric-pewer reseuUlrcCes —-
pRimanly, renewanle energy/, and compined
Reat anad pewer (CHER): e CDEEWI
recenve annuall payments of $6; millicn: -
S 2 millienriren ERteray,, WHICH oWRS, the
Vermoenit Yanikee nucleais pevwels plamit:




New Hampshire

— Net metering for very small residential
renewable Implementations.

— Equal te 0.05 Y% of the demand.
& YEes, that IS|S ene-hundredths; off a percent.




The Future

¢ Fuel Cells — new
technoelogies.

— Hydregen.

9 SelaKE
— HIgRER EMICIERNCIES:
—EOWEIT COSLS:




¢ Smaller.
¢ More efficient.

Height

£

o000 7000, 280000

sigp 90000

outh

How Skystream Works

Discanneet
Switch

Will Skystream Work For You?

-72m LT EIETT

T 71T T T
260000 2 280000 290000
v Skystraam is the first wind-powered, grid- Our goal from the start was to make the production has opened up that opportunity

connected Residential Powsr Appliance that A jousahold Eiec fres =nergy in the wind accessible to mors to millions of homes around the world, I your
produces electriity for less than the retail people than ever befors. Skystream's site fits the following criteria, chancss are
rate of many utilties. Since everything is buitt compact design and high-efficiency energy Skystream will work far you:

in and there are no significant maintenance
costs, once your Skystream is operating and
Wind Resource at 30 m the wind is blowing, you'll see an immediate

Mean Speed reduction in electricily costs.
gk 5

<101 <45 Depending on your installed cost, cost
, ! of electricity, and average wind speed, .
}? ; . }; ; A Skystream can pay for itself in as litle as o [Your Skystream dealer can help detemine this)
123-13455-60 five years. Some states offer investment
134-145 60-65 incentives in the form of rebates that
145-157 65-70 imptove the oost paghack. Vieit Www. ndiviialsites wll vary:
157-168 70-75 skystrsamensrgy.com of contact your local
168-17.9 7.5-8.0 dealer for more information.
17.9-130 80-85
S190 -85

s At least 10 MPH average wind speed (best results at 12 MPH or more)™

= Your property is at least .5 acre and has uncbstructed views

4 The local zoning allows a structure that is at least 427 tall

¢ Your local utility has an existing interconnection agreement for homeowners

s
e

|————]
.-—..,,.-_""""-u-..d
TrueWind Solutions
255 Fuller Road

Suite 274

Albany, NY 122033585
v truewingd. com

Tel: 518-437-8661

Fax: 518-437-0059

Energy cutputs basad on average ssasonal wind epesd

for wind maps for your arsa, or consult your local

INE0E0R0O0

SKYSTRZAM




Back to the beginning.

Think Distributed. A4 L g
— Solar. T e
— Wind.
— CHP.

Made in America.
TThe NH Advantage.
Self-reliance.




